The Tar Creek Superfund Site is a portion of an abandoned lead and zinc mining area known as the Tri-State Mining District (OK, KS and MO) and includes approximately 104 km 2 of disturbed land and contaminated water resources in extreme northeastern Oklahoma. Underground mining from the 1890s through the 1960s degraded over 1000 surface ha, and produced nearly 500 km of tunnels, 165 million tonnes of processed mine waste materials (chat), 325 ha of tailings impoundments, 94 million m 3 of contaminated ground water and over 2600 shafts and boreholes. In 1979, metal-rich waters began to discharge into surface waters from natural springs, bore holes and mine shafts. The site was listed on the National Priorities List in 1983. Approximately 70% of the Superfund site is Native American owned. In 1993, an Indian Health Service study established that 35% of children had blood lead levels above threshold levels dangerous to human health. Since 1995, residential remediation efforts have been ongoing, but a holistic watershed restoration strategy has not been implemented. Current research focuses on the biogeochemistry, ecology and hydrology of existing natural wetlands, and the development of sub-watershed restoration plans. These efforts indicate that environmental problems at this site are not insurmountable, but that solutions do require substantial cooperation among federal, state, tribal and local entities. The principal final recommendation of a recent state task force was the creation of a massive wetland and wildlife refuge to ecologically address health, safety, environmental and aesthetic concerns. This plan involves the removal of two communities, construction of a large reservoir and several treatment wetlands, and creation or restoration of marshes and prairie habitat. However, significant concerns regarding the longterm effectiveness and feasibility of this plan need to be addressed.
Introduction
Hardrock abandoned mine reclamation (HAMR) has been identified as a major environmental issue to be addressed in the 21 st century (MPC, 1997; IIED, 2001) . Lyon et al. 953 (1993) estimated that over 550,000 abandoned hardrock mine sites exist in 32 states. Projected costs for remediation and reclamation of these sites have been estimated at $33-72 billion (MPC, 1993) .
Although often associated with ore-rich Rocky Mountain mining districts, one of the most challenging HAMR sites is found in northeastern Oklahoma (Nairn et al., 2001 (McKnight and Fischer, 1970; Luza, 1983) . Peak mineral production occurred in the early 1920s when the mines accounted for over 55% of total U.S. zinc production. By the late 1950s, depressed global markets resulted in the suspension of most mining operations. By the early 1970s when mining ceased, almost 2 million tons of lead and 9 million tons of zinc had been produced (McKnight and Fischer, 1970) .
In Oklahoma, mining activity was concentrated in the Tar Creek watershed and adjacent drainage basins in Ottawa County. Approximately 1,000 ha are underlain by underground mine workings ( Figure 1 ; Luza, 1983) . During active mining, substantial dewatering operations pumped 50,000 m 3 of water per day (Reed et al., 1955) . When pumping ceased, groundwater filled the mining voids, which now contain approximately 95 million m 3 of contaminated waters.
In late 1979, metal-rich waters began to discharge to the surface from natural springs, boreholes and abandoned mine shafts. In addition, approximately 75 million tons of unvegetated mine waste materials (chat) still litter the surface in large piles and approximately 325 ha of tailings ponds exist. These materials are contaminated with elevated concentrations of lead, zinc, cadmium and iron (EPA, 2002) .
Past and Ongoing Remediation Efforts
The In October 2000, technical subcommittee reports were submitted to the Task Force. Each subcommittee offered targeted solutions for the different missions with which they were charged. However, total cost estimates ranging from $540 million to $61 billion indicated the possible need for a comprehensive plan of action that would address the myriad problems at a reasonable economic cost, and potentially provide benefit to the local community. Therefore, the task force 
Current Situation
Considerable technical concerns regarding the Concept Plan remain unanswered. Despite providing a basic framework for possible comprehensive resolution to human health, environmental, and aesthetic concerns, the scientific foundation of the Concept Plan is questionable. Finding solutions to the massive problems at Tar Creek will require innovative solutions, however, it is essential that any proposed answer be based on sound technical information.
Of prime importance are the possible detrimental effects of impounding a massive load of water over the mining voids, thus considerably increasing mine pool hydraulic head differences.
In addition, the current plan does not explicitly address water quality concerns, because the reservoir simply inundates many of the major discharges. Quality of water in the reservoir would therefore be suspect. The plan does not clearly include removal of chat piles, thus allowing a significant source of contamination to remain.
The plan includes provisions for creation of substantial areas of wildlife habitat wetlands.
Important concerns regarding bioaccumulation and toxicity exist in these "attractive nuisances" to wildlife. Soils to be seasonally flooded are contaminated with lead, cadmium, zinc and other metals. An ecological risk assessment has not been completed at the Tar Creek site, and extensive experience exists with the detrimental effects of contaminated sediments on wildlife (Ohlendorf et al., 1986 (Ohlendorf et al., , 1993 Presser, 1994; Engberg and Cappellucci, 1993) . Although flood control was described as a major benefit of the Concept Plan, sufficient flood hydrograph information for Tar Creek does not exist. In addition, flooding in downstream communities is likely due to the backwater effects of an existing reservoir. The treatment wetlands component of the plan is two orders of magnitude larger than any project that has been attempted in the past, and placement, design and sizing of these systems is questionable.
Comprehensive mine drainage quality and quantity data collection efforts, which are essential to Throughout this process, university research has focused on the biogeochemistry, ecology and hydrology of existing natural wetlands, reexamination of mine drainage discharge quality and quantity, and development of sub-watershed restoration plans (e.g., Nairn et al., 1999; Nairn et al., 2001a; Nairn et al., 2001b; Athay et al., 2001; Coffey et al., 2002; Brumley et al., 2002; Nairn et al., 2002) . Overall objectives are to establish current baseline environmental measurements and to demonstrate sustainable and cost-effective remediation strategies using the techniques of ecological engineering science. Specific studies examine the practicability of treatment wetlands and other passive techniques for water quality improvement, manufacture of asphalt using mining residuals as aggregate and design of whole watershed restoration approaches.
Technical plans calling for creation of an information clearinghouse, comprehensive environmental monitoring programs and a scientific research strategy have been developed.
Conclusions
Despite the added notoriety of recent years, the Tar Creek Superfund Site remains one of the most challenging HAMR sites in the U.S. and on the NPL. Due to the massive areal extent of disturbance and contamination; volumes of contaminated waters, sediments, waste materials, and soil; proximity to several communities; and inclusion of sovereign Native American lands, comprehensive remediation efforts will require innovative solutions. These remediation challenges should be viewed as opportunities to launch sustainable and forward-thinking strategies for remediation of mined lands. However, the long-term success of any remedy will depend on a solid foundation of quality science and engineering, coupled with local cooperation and understanding.
